State of the art
The specific capacity values were on the basis of pure LCP rather than of LCP/C (carbon content 4.4 wt%).
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X-ray powder diffraction data, Rietveld refinements
Fig. S1 X-ray diffraction pattern (transmission geometry, Mo K α1 radiation, measurement time: 12 h) showing the background profile of an empty borosilicate glass capillary (Hilgenberg, glass type no. 50, length: 80 mm, diameter: 0.5 mm, wall thickness: 0.01 mm). As the maximum intensity of the empty capillary is about 1/10 of the intensity measured when filled with sample, it can be derived that the capillary significantly contributes to the background profile that is observed when the capillary is filled with sample. (Table S2b) . 3 Thermal stability of LCP-MW
Experimental details
The thermal stability of the single-phase material LCP-MW up to 750 °C was assessed by thermal analysis on a simultaneous TGA/DSC 1 STAR system (Mettler Toledo). Experiments were run at a heating rate of 10 °C/min in an argon stream (10 mL/min, specimen weight: 5 mg). Monitoring of the cooling cycle was not possible due to the setup. The sample that was treated thermally is denoted LCP-MW-T in the following. In addition to the TGA/DSC experiments, the thermal stability was further examined by temperature-controlled in situ PXRD studies using a PANalytical X'Pert Pro diffractometer with monochromatized Cu K α radiation and an XCelerator detector. The instrument was equipped with an Anton Paar HTK-1200 hot stage, a TCU 1000N temperature controller, and a corundum flat plate sample holder. The scans were collected between 20° and 26° 2θ in Bragg-Brentano geometry (step size: 0.022°, time/step: 1000 s, total measurement time: 76 h). The samples were heated in air at a rate of 5 °C/min, and the patterns collected in a temperature range of 30-900 °C with an increment step of 100 °C, each temperature being held for 5 min before starting the data collection.
Results and discussion
The thermal behavior of the sample LCP-MW was assessed by TGA/DSC and complementary temperature-dependent in situ PXRD hot-stage measurements. The TGA/DSC data of the heating cycle are presented in Fig. S5a , the corresponding PXRD data of the sample after the TGA/DSC measurement are presented in Fig. S4 . The material is found to be thermally stable up to 750 °C and shows an overall mass loss of only 0.7 wt%, which in agreement with literature. 16, 18 The zoomed view (Fig. S5b) observed. The refinement of the diffraction pattern delivers a phase fraction of 2.1(3) wt% for the low-temperature phase β-Li 2 SO 4 (space group P2 1 /a). 23 The zoomed view (Fig. S4b) clearly shows the main diffraction peaks of the phase at 10.1° and 12.8° 2θ, respectively. The refined fraction of Li 2 SO 4 (2.1(3) wt%, cf. Table S2c ) is smaller than the one estimated by elemental analysis (5(1) wt%, cf. Table 1 ), which is due to the limitations of the Rietveld method (fractions are not accurately determined if phases show different particle sizes and crystallinities) and the fact that the intensity of the main peaks is comparably small. However, it can be inferred that >94(2) wt% of the sample are the pure LCP phase. The results as well as the reduction of the amorphous peak at small angles in the PXRD pattern indicate that the lithium sulfate impurity is obtained in amorphous form from the MWST synthesis and can be crystallized upon heating. This is in good agreement with reports that the crystallization of the compound is challenging due to its inverse solubility. 17 Besides that, the LCP phase also seems to increase in crystallinity upon thermal treatment, as it can be derived by the significantly smaller cell volume of about 282.46(4) Å 3 (Table S2c ). Further details on the refined data of the sample LCP-MW-T can be found in Tables S2,  S3 , and S4. In addition to the TGA/DSC experiments, temperature-controlled PXRD studies were carried out to systematically investigate the behavior of LCP-MW upon heating in situ. The powder diffraction patterns in a temperature range of 30-900 °C (step size: 100 °C) are displayed in Fig. S6 . The focus was set on the 2θ range of 20-26°, the region in which reflections of the Li 2 SO 4 • H 2 O/Li 2 SO 4 side phase are expected. In agreement with the TGA/DSC data, no phase changes are observed between 30 °C and 600 °C. Here, the main peaks of the olivine phase (101), (210), (011), and (111) as well as a small reflection that is deriving from the corundum flat plate sample holder at ~24.7° are observed. Signals originating from the lithium sulfate hydrate impurity and its dehydrated form are not detected. This is in agreement with a report 26 that upon dehydration of Li 2 SO 4 • H 2 O, an amorphous unstable anhydride phase is formed. Due to thermal expansion, the LiCoPO 4 peaks are continually broadening and shifted to lower angles, indicating bigger lattice dimensions. At 700 °C, a peak around 21.8° is emerging, which can be attributed to the (111) reflection of high-temperature α-Li 2 SO 4 (space group Fm3 m) 23 The fact that the phase transition occurs at slightly higher temperatures compared to the DSC might be due to the different atmospheres used for the measurements (air vs. argon), the different heating rates (10 °C/min vs. 5 °C/min), and thermal losses. At a nominal temperature of 900 °C, which is above the melting point of Li 2 SO 4 , 27 it is possible that the real temperature reached in this experiment was below the melting point due to thermal losses. Therefore, the (111) peak of α-Li 2 SO 4 is still visible. Besides, an additional reflection at ~22.1° 2θ is observed. In agreement with current investigations in our group, the peak corresponds to the characteristic (210) reflection of the metastable Pna2 1 -polymorph of LiCoPO 4 , 28 which, in contrast to any previous reports about the thermal behavior of olivine-type LCP, 16, 18 is formed at high temperature.
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The cooled sample (25 °C) has significantly broader peaks than the initial sample (30 °C) and the reflections are shifted to higher 2θ values due to thermal contraction. According to the reversible phase transformation from β-Li 2 SO 4 to α-Li 2 SO 4 , 19 peaks of lowtemperature β-Li 2 SO 4 are indicated, which is also consistent with our ex situ PXRD study (Fig. S4) . Moreover, reflections of Li 2 SO 4 • H 2 O arise at 21.6°, 23.0° (shoulder of (210) reflection of LCP), and 25.1° 2θ. The hydrate is formed from the reaction of the hygroscopic Li 2 SO 4 with air moisture 29 during the cooling process. The results of the temperature-dependent PXRD study demonstrate and confirm our assumption that the Li 2 SO 4 • H 2 O/Li 2 SO 4 secondary phase in the as-obtained LCP-MW product is amorphous and can be crystallized upon heating. 
Infrared and Raman spectroscopy Experimental details
ATR-FTIR spectra were recorded on a Perkin Elmer FTIR spectrometer (diamond ATR, Spectrum Two; located inside an argonfilled glovebox) in a range of 400-4000 cm −1 . Raman spectra were measured by using a Labram HR 800 spectrometer. The instrument was equipped with a 800 mm focal length spectrograph and a cooled (-70 °C), back-thinned CCD detector (pixel size 26 × 26 µm). The samples were excited by an air-cooled doubled Nd:YAG laser (532 nm), and several input laser powers of 0.056, 0.56, and 5.6 mW were applied. No sample decomposition was observed at any excitation power.
Results and discussion
The FTIR and Raman spectra of LCP-MW are presented in Fig. S7 and the observed vibrations are summed up in Table S5 . The IR spectrum is displayed in the full region from 400 cm −1 to 4000 cm −1 (Fig. S7a) and also in the region of 400-1600 cm −1 (Fig. S7b) for clarity. The spectrum does not show any absorption bands of water or other impurities and is in good agreement with reported values. 6, [30] [31] [32] [33] In general, it is dominated by the four fundamental intramolecular vibrations of the [PO 4 ] groups. The bands at 1145 cm −1 , 1098 cm −1 , and 1044 cm −1 are associated with the asymmetric stretching vibrations of P-O (ν 3 ), which is split up in a triplet due to interactions with the Co-O bonds. The strong singlet at 975 cm −1 corresponds to the symmetric stretching vibration of the P-O bond (ν 1 ). All the observed bonds are broadened, which is a result of the asymmetric bonding situation in the [PO 4 ] units in the olivine crystal structure. The asymmetry is well confirmed by the refined bond lengths ( Table S4a ). The triplet observed at 549-640 cm −1 is related to antisymmetric bending vibrations of O-P-O (ν 4 ). The signal at 576 cm −1 is related to asymmetric vibrations of the octahedral [CoO 6 ] units 31 and therefore confirms the olivine structure. The absorption at 471 cm −1 can be explained by the symmetric bending vibration of O-P-O (ν 2 ) or a contribution of Li ion "cage modes", which represent translational vibrations of the Li ions inside a potential caused by the neighbor oxygen atoms, as discussed in the literature. 34 Due to splitting effects, these bands are overlapping with the phosphate bending vibrations, and an unambiguous assignment cannot therefore be made. In the IR spectrum, no bands are observed that could be assigned to the lithium sulfate impurity. As it can be derived from the IR spectrum of a mixture of Li 2 SO 4 and Li 2 SO 4 • H 2 O (Fig. S8c,d) , the main absorption of the impurity overlaps with one of the ν 3 modes of the P-O vibrations in LiCoPO 4 . Moreover, it is notable that the IR spectrum remains unaltered for the intensively washed sample LCP-MW-w (Fig. S8a,b) . In the Raman spectrum (Fig. S7c,d , and 938 cm −1 , which are in excellent agreement with data reported previously. [34] [35] [36] The latter very sharp band is attributed to the intramolecular symmetric stretching vibrations (ν 1 ) of the [PO 4 ] 3− anion, whereas the two weaker ones are correlated with the asymmetric stretching modes (ν 3 ). The bending modes of the phosphate group are observed at lower energy. The bands observed at 655 cm −1 , 622 cm −1 , and 578 cm −1 arise from symmetric bending modes (ν 4 ) while the one at 437 cm −1 is from the asymmetric ν 2 mode. 35, 36 Other minor bands have been assigned by the use of density functional theory simulations. 37 The absence of any carbon D or G bands confirms the results of the CHNS analysis that did not detect any carbon in the sample. Moreover, signals that could be attributed to the lithium sulfate secondary phase (i.e. modes of the [SO 4 ] 2− anion) are not detected as expected, because Raman spectroscopy generally provides a lower sensitivity compared to IR.
RSC Advances SUPPLEMENTARY INFORMATION
RSC Adv., 2016 | S13 . 3b ) showing small pores (diameter: 10-20 nm) on the surface of the particles (indicated by red circles). The pores, which might form an interconnected system, destabilize the particles, with some particles showing damage probably due to mechanical stress during the synthesis produced by stirring and the washing step. 
